Compelling epidemiologic studies indicate that obesity is a risk factor for many human cancers, including thyroid cancer. In recent decades, the incidence of thyroid cancer has dramatically increased along with a marked rise in obesity prevalence. We previously demonstrated that a high fat diet (HFD) effectively induced the obese phenotype in a mouse model of thyroid cancer (Thrb PV/PV Pten C/K mice). Moreover, HFD activates the STAT3 signal pathway to promote more aggressive tumor phenotypes. The aim of the present study was to evaluate the effect of S3I-201, a specific inhibitor of STAT3 activity, on HFD-induced aggressive cancer progression in the mouse model of thyroid cancer. WT and Thrb PV/PV Pten C/K mice were treated with HFD together with S3I-201 or vehicle-only as controls. We assessed the effects of S3I-201 on HFD-induced thyroid cancer progression, the leptin-JAK2-STAT3 signaling pathway, and key regulators of epithelial-mesenchymal transition (EMT). S3I-201 effectively inhibited HFD-induced aberrant activation of STAT3 and its downstream targets to markedly inhibit thyroid tumor growth and to prolong survival. Decreased protein levels of cyclins D1 and B1, cyclin dependent kinase 4 (CDK4), CDK6, and phosphorylated retinoblastoma protein led to the inhibition of tumor cell proliferation in S3I-201-treated Thrb PV/PV Pten C/K mice. Reduced occurrence of vascular invasion and blocking of anaplasia and lung metastasis in thyroid tumors of S3I-201-treated Thrb PV/PV Pten C/K mice were mediated via decreased expression of vimentin and matrix metalloproteinases, two key effectors of EMT. The present findings suggest that inhibition of the STAT3 activity would be a novel treatment strategy for obesity-induced thyroid cancer. 
Introduction
Thyroid cancer is the most common malignancy in the endocrine organs. Over the past several decades, the incidence of thyroid cancer has been increasing faster than that of any other cancer. At the same time, the rates of obesity and metabolic syndrome have also risen, and accumulating evidence indicates a close association of obesity with increased cancer risk. Numerous epidemiological studies suggest that obesity is independently associated with an increased incidence of various solid tumors, including thyroid cancer (Renehan et al. 2008) .
Recent studies showed that the risk of thyroid cancer was significantly increased by excess body weight, either overweight or obesity (Meinhold et al. 2010 , Aschebrookcancer (PTC), Kim et al. (2013a) found that a higher BMI was correlated with a more aggressive PTC phenotype, such as increased tumor size, extrathyroidal invasion, and advanced disease stage, independent of age, sex, and other confounding factors. While compelling epidemiological data support the positive correlation of obesity with increased risk thyroid cancer, the molecular mechanisms by which obesity increase the risk of thyroid cancer progression are poorly understood.
Because it would be difficult to study how obesity could affect thyroid carcinogenesis in patients at the molecular level, we have recently used mouse models of thyroid cancer (Thrb PV/PV Pten C/K mice) to elucidate the underlying mechanisms (Kim et al. 2013b) . Thrb PV/PV Pten C/K mice express a potent dominantly negative thyroid hormone receptor b (TRbPV) and haploinsufficiency in the Pten gene (phosphatase and tensin homolog deleted from chromosome 10). As Thrb PV/PV Pten C/K mice age, they spontaneously develop aggressive follicular thyroid cancer similar to human cancer (Guigon et al. 2009 ). Treatment of these mice with a high fat diet (HFD) led to obesity with increased weight of body and fat tissues, enlarged adipocytes, and markedly elevated serum leptin levels (Kim et al. 2013b) . Biochemical and histopathological analyses showed that an HFD induces more aggressive pathological changes with increased tumor cell proliferation, shortened survival, and frequent occurrence of anaplasia. Molecular analyses revealed that over-activated leptin-Janus kinase 2 (JAK2)-STAT3 signaling increases expression of STAT3 downstream target genes to drive HFD-induced thyroid cancer progression in Thrb PV/PV Pten C/K (Kim et al. 2013b ). These findings suggested that STAT3 could be tested as a potential molecular target for the obesity-induced thyroid cancer.
Accordingly, we hypothesized that inhibition of STAT3 activity could delay obesity-induced thyroid carcinogenesis. To test this hypothesis, we treated Thrb PV/PV Pten C/K mice with an HFD in the presence or absence an STAT3-specific inhibitor, S3I-201. This inhibitor, which was identified through structure-based virtual screening of the National Cancer Institute libraries, has been shown to be effective in the inhibition of STAT3 activity by in vitro and in vivo studies (Siddiquee et al. 2007 , Sen et al. 2012 . We monitored the effect of S3I-201 on survival of these mice, tumor growth, tumor cell invasion, and metastasis. Indeed, we found that S3I-201 was effective in the inhibition of STAT3 activity, leading to delayed thyroid cancer progression and blocking of metastatic spread induced by an HFD.
Materials and methods

Animals and treatment
The National Cancer Institute Animal Care and Use Committee approved the protocols for animal care and handling in the present study. Mice harboring the ThrbPV gene (Thrb PV/PV mice) were prepared via homologous recombination, and genotyping was carried out using the PCR method, as previously described (Guigon et al. 2009 ). Pten C/K mice were kindly provided by Dr Ramon Parsons (Columbia University, NY, USA). Thrb PV/PV Pten C/K mice were obtained by first crossing Pten C/K mice with Thrb PV/PV mice and then crossing Thrb PV/C Pten C/K with Thrb PV/C Pten C/K mice. The HFD (60% calories from fat) were purchased from Research Diets (New Brunswick, NJ, USA). The mice were administered HFD diet from the age of 8 weeks until the end of the study. S3I-201 (STAT3 inhibitor, cat# S1155, Selleckchem, Huston, TX, USA) was dissolved in a solution of DMSO (0.05% DMSO) and injection by i.p. three times a week at a dose of 5 mg/kg per mouse or vehicle (0.05% DMSO) starting at the age of 8 weeks. They were monitored until they became moribund with hunched posture and labored breathing. After the mice were euthanized, the thyroids and lungs were dissected for weighing, histologic analysis, and biochemical studies.
Hormone assay
Serum TSH levels were measured as previously described (Furumoto et al. 2005) . Serum levels of total T 3 and T 4 were determined by commercialized radioimmunoassay (RIA) kits (cat. 06B256447 and 06B254029) from MP Biomedical, LLC. Serum levels of leptin of the mice were measured by using a leptin RIA kit (cat. XL-85K, Billeria, MA, USA) from Millipore Corporation.
Histopathologic analysis
Thyroid glands, lungs, and inguinal fat were dissected and fixed in 10% neutral-buffered formalin (Sigma-Aldrich) and subsequently embedded in paraffin. Five-micrometerthick sections were prepared and stained with hematoxylin and eosin. For each animal, single random sections of thyroid and lung were examined. For thyroids, morphologic evidence of hyperplasia, capsular invasion, and vascular invasion was routinely examined in that single section. The presence of a single microscopic focus of metastatic follicular carcinoma in the lung was counted as a metastatic lesion in that animal. Adipocyte size (expressed as an average area per cell (mm 2 /1!10 K3 cells)) was calculated based on the number of adipocytes in the same field size.
Immunohistochemistry (IHC) was conducted as previously described with some modifications (Zhu et al. 2014) . For the antigen retrieval step, slides were heated in 0.05% citraconic anhydride solution (Sigma-Aldrich; pH 7.4) at 98 8C for 60 min followed by treatment with antiKi-67 antibody (dilution 1:300, cat. RB-9043-P0, Thermo Scientific, Cabmbrige, MA, USA) and rabbit anti-p-STAT3 antibody (1:100 dilution, Cell Signaling, Denver, MA, USA) at 4 8C overnight. The antigen signals were detected by treatment with the peroxidase substrate diaminobezidine followed by counterstaining with Gill's hematoxylin (Electron microscopy sciences, Hatfiled, PA, USA). Relative positive cell ratio was quantified by using NIH IMAGE software (Image J 1.47).
Western blot analysis
Preparation of whole-cell lysates from thyroid glands has been described previously (Zhu et al. 2014) . The protein sample (30 mg) was loaded and separated by SDS-PAGE. After electrophoresis, the protein was electrotransferred to a poly vinylidenedifluoride membrane (Immobilon-P; Millipore Corp., Billeria, MA, USA). The antibodies phosphorylated Rb (p-Rb, S780, 1:500 dilution), total-Rb (1:1000 dilution), Cdk4 (1:1000 dilution), Cdk6 (1:1000 dilution), p-Jak2 (Y1007/1008, 1:500 dilution), total-Jak2 (1:1000 dilution), p-STAT3 (1:500 dilution), total-STAT3 (1:1000 dilution), glyceraldehyde-3-phosphate dehydrogenase (GAPDH; 1:1000 dilution), and vimentin (1:1000 dilution) were purchased from Cell Signaling Technology. Antibody for MMP-2 (1:200 dilution) and cyclin B1 (1:200 dilution) were purchased from Santa Cruz Biotechnology (Dallas, TX, USA). Antibody for cyclin D1 (1:200 dilution) and leptin receptor (1:2,000 dilution) were purchased from Neomarkers and Abcam respectively. The blots were stripped with Re-Blot Plus (Millpore, Billeria, MA, USA) and reprobed with rabbit polyclonal antibodies to GAPDH. Band intensities were quantified by using NIH IMAGE software (Image J 1.47).
Quantitative real-time RT-PCR
Total RNA was extracted from thyroid tumor of mice using TRIzol (Invitrogen) according to the manufacturer's protocol. For quantitative real-time RT-PCR (qRT-PCR), one-step RT-PCR reactions were performed with 200 ng of total RNA using a QuantiTect SYBR green RT-PCR kit (Qiagen) in 7900HT Fast Real-time PCR system (Applied Biosystems) according to the manufacturer's instructions.
Statistical analysis
All data are expressed as meanGS.E.M., and Student's t-test was used to compare continuous variables accordingly. The Kaplan-Meier method with log-rank test was used to compare survival in each treatment group. Statistical significance was set at P!0.05. GraphPad Prism 6.0 (GraphPad Software, La Jolla, CA, USA) was used to draw graphs.
Results
S3I-201 reduces thyroid tumor growth and increases survival in HFD-induced obese Thrb PV/PV Pten C/K mice Previously, we reported that the diet-induced obesity in Thrb PV/PV Pten C/K mice promoted thyroid carcinogenesis by reducing survival rate, increasing tumor growth and advancing tumor stages in Thrb PV/PV Pten C/K mice. We elucidated that one of the pathways in the obesityinduced tumor progression was via activation of the leptin-JAK2-STAT3 signaling pathway (Kim et al. 2013b) .
To test whether STAT3 could serve as a potential molecular target, we evaluated the effect of an STAT3-specific inhibitor, S3I-201, on thyroid carcinogenesis of HFD-treated Thrb PV/PV Pten C/K mice. Figure 1A shows that compared with vehicle-treated mice (open squares), the 50% survival age of S3I-201-treated mice was significantly increased by 1 month (closed squares). Moreover, analysis of thyroid tumor weight of HFD-treated Thrb PV/PV Pten C/K mice indicated a significant reduction by S3I-201 treatment (data set 4 vs data set 3, nZ11-13, P!0.05) (Fig. 1B) . A small decrease was also observed in the normal thyroid of WT mice (data set 2 vs data set 1, nZ10-11, P!0.05).
That the proliferation of tumor cells was inhibited by S3I-201 was further shown by immunohistochemical analysis using Ki-67 as a proliferation marker ( 
Pten
C/K mice (bar 3) than in follicular cells of WT mice. It is important to note that a marked 30% reduction of Ki-67 positively-stained cells was found in the thyroid sections of inhibitor-treated Thrb PV/PV Pten C/K mice (bar 4) as compared with vehicle-treated mice (bar 3). In the HFD-WT mice, the effect of S3I-201 was a 50% reduction in cell proliferation (bars 2 vs 1). Taken together, these data indicated that treatment of HFD-Thrb PV/PV Pten C/K mice with S3I-201 delayed thyroid growth and increased survival.
An STAT3 inhibitor, S3I-201, reduces thyroid tumor cell proliferation in HFD-induced obese Thrb PV/PV Pten C/K mice It is known that TSH is a major stimulator of thyrocyte proliferation. To evaluate whether the decreased thyroid tumor growth of HFD-Thrb PV/PV Pten C/K mice treated with S3I-201 inhibitor could possibly result from lower TSH levels, we compared serum TSH, total T 4 , and total T 3 levels. We found no significant differences in the levels of serum TSH, total T 4 , and total T 3 between S3I-201 treatment and vehicle treatment in both WT and 
C/K mice was not due to the effects of TSH and thyroid hormone (T 3 and T 4 ).
To understand how S3I-201 reduced cell proliferation in HFD-Thrb PV/PV Pten C/K mice, we evaluated the abundance of key regulators in the cell cycle progression with or without the inhibitor. The protein levels of cyclin D1 and cyclin B1 were lower in the S3I-201-treated HFDThrb PV/PV Pten C/K mice than the vehicle-treated group . In addition, the protein levels of cyclin dependent kinase 4 (CDK4) and CDK6 (CDK6) were lower in the S3I-201-treated HFD-Thrb PV/PV Pten C/K mice than the vehicle-treated group ( Fig. 2A-c and d) . The increased abundance of these cyclins and their kinases led to an increased phosphorylated retinoblastoma (Rb) ( Fig. 2A-e) without apparent changes in total Rb protein levels ( Fig. 2A-f ) to drive cell cycle progression from the G1 phase to the S phase (Nevins 1992) . Panel g shows the loading control using GAPDH. The intensities of the bands in thyroid of inhibitor-treated WT mice. These data indicate that treatment of HFD-Thrb PV/PV Pten C/K mice with S3I-201 led to the reduction of the key cell cycle regulators to inhibit the proliferation of tumor cells.
An STAT3 inhibitor, S3I-201, inhibits STAT3 activity in HFD-induced obese thyroid cancer Thrb PV/PV Pten C/K mice to delay tumor progression and prevent metastasis Previously we showed that Thrb PV/PV Pten C/K mice treated with HFD resulted in a fivefold elevated serum leptin level (Kim et al. 2013b) . In this study, as a control, we assessed whether serum leptin levels of HFD-Thrb PV/PV Pten C/K mice were affected by S3I-201 treatment. Figure 3A shows that S3I-201 treatment led to significant decreases in serum leptin levels of HFD-Thrb PV/PV Pten C/K mice (data set 3 vs set 4). However, no apparent effect of the inhibitor on the serum levels of HFD-WT mice was observed (data set 1 vs set 2). The elevated serum leptin levels promoted us to examine the histology of the white fat tissue. Consistent with decreased leptin levels in HFD-Thrb PV/PV Pten C/K mice treated with S3I-201, we found that enlarged inguinal fat cell size of HFD-Thrb Fig. 3B-II) .
Using western blot analysis, we next examined whether the protein abundance of the leptin receptor was altered in the thyroid of mice treated with S3I-201. Figure 4A -a shows that the protein abundance of the leptin receptor was higher in the thyroid of HFD-Thrb Fig. 4A-a) than that of HFD-WT mice (lanes 1-4, Fig. 4A-a) . However, no effect of S3I-201 on the leptin receptor was detected either in HFDThrb PV/PV Pten C/K mice (lanes 5 and 6 vs lanes 7 and 8) or in HFD-WT mice (lanes 1 and 2 vs lanes 3 and 4). In contrast, p-JAK2 protein levels were decreased by S3I-201 treatment in HFD-Thrb PV/PV Pten C/K mice (lanes 5 and 6 vs lanes 7 and 8, Fig. 4A-b) , resulting from the decreased serum leptin levels. However, no effects of S3I-201 on the p-JAK2 was detected in HFD-WT mice (lanes 1 and 2 vs lanes 3 and 4) consistent with no changes in the serum leptin levels (Fig. 3A) . (Fig. 5B) . The reduced expression of Ccnd1, Myc, and Bcl2 genes both decreased proliferation and increased survival of tumor cells . Socs3 (suppressor of cytokine signaling 3), induced by cytokines and leptin, and Mcl1, an STAT3 target gene that functions to mediate the actions of STAT3 in human cancer (Alvarez et al. 2005) were also repressed by S3I-201. Thus, inhibition of STAT3 activity led to the suppression of its downstream target genes to contribute to the delayed tumor progression in growth and survival.
We further investigated whether S3I-201 treatment could prevent aggressive cancer progression to distant metastasis in HFD-Thrb PV/PV Pten C/K mice. All HFDThrb PV/PV Pten C/K mice treated with vehicle or S3I-201 developed the early-stage tumor phenotypes of hyperplasia and capsular invasion (Fig. 6A-I) . However, the prevalences of vascular invasion and anaplasia in the S3I-201-treated group were less frequent than in vehicletreated HFD-Thrb PV/PV Pten C/K mice ( Fig. 6A-I ) at the same age. While 25% of vehicle-treated HFD-Thrb PV/PV Pten C/K mice developed metastasis, no occurrence of metastasis was detected in inhibitor-treated HFD-Thrb PV/PV Pten C/K mice at the same age. As shown by histopathological analysis (Fig. 6A-II . These data indicate that S3I-201 could prevent metastasis in HFD-Thrb PV/PV Pten C/K mice. To understand how S3I-201 delayed tumor invasion and prevented distal metastasis, we evaluated the protein abundance of key effectors of cancer metastatic signals downstream of STAT3 signaling. The migration of tumor cells through matrix barriers, tissue compartments, vessels, and organ boundaries is essential in the development of distant metastasis (Guarino 2010 , Yadav et al. 2011 , Lamouille et al. 2014 , Tania et al. 2014 . STAT3 is known to activate the expression of vimentin (Yadav et al. 2011 , Xiong et al. 2012 ) and matrix-degrading proteases such as matrix metalloproteinase-2 (MMP-2), two critical effectors in the epithelial-mesenchymal transition (EMT) (Xie et al. 2004 , Lamouille et al. 2014 . We therefore evaluated the protein expression levels of vimentin and MMP-2 in thyroid tumors of HFD-Thrb PV/PV Pten C/K mice treated with vehicle or S3I-201. Figure 6B -I shows that the protein levels of vimentin were nearly totally inhibited by S3I-201 ( Fig. 6B-I , panel a, lanes 7 and 8 vs lanes 5 and 6, bars 3 and 4, Fig. 6B -IIa) and that active MMP2 was markedly inhibited (40%) (Fig. 6B-I , panel b, lanes 7 and 8 vs lanes 5 and 6; bars 3 and 4, Fig. 6B-IIb) . Taken together, these data show that inhibition of STAT3 activity by S3I-201 was effective in delaying thyroid tumor progression and preventing distal metastasis in HFD-Thrb PV/PV Pten C/K mice.
Discussion
Recent epidemiological studies have shown that the incidence of thyroid cancer has rapidly increased in parallel with a dramatic rise in the prevalence of obesity (Simard et al. 2012) . Moreover, extensive reports have provided compelling evidence to show a close association of obesity with increased thyroid cancer risk (Pappa & Alevizaki 2014) . Even so, the evidence to support a causal relationship of obesity with thyroid cancer is still lacking. Recently, we used a mouse model of thyroid cancer to show that HFD-induced obesity exacerbates thyroid cancer progression and distant metastasis (Kim et al. 2013b) . Molecular analyses elucidate that the elevated serum leptin secreted by enlarged adipocytes in obese Thrb PV/PV Pten C/K mice leads to activation of leptin-JAK2-STAT3 signaling to drive obesity-induced thyroid cancer progression (Kim et al. 2013b) .
These findings provided the basis for us to seek further validation in a direct link of obesity with exacerbated thyroid cancer progression as indicated by increasing occurrence of vascular invasion and anaplasia, (i.e., dedifferentiation). Indeed, in the present studies, using an STAT3 specific inhibitor, S3I-201, we found that blocking the signaling initiated at the STAT3 node of the leptin-leptin receptor-JAK2-STAT3 pathway could delay cancer progression by inhibition of tumor cell proliferation and prevent metastasis by suppressing EMT. These results provided evidence for the first time to directly link obesity with advanced cancer progression. These results are consistent with the epidemiological findings in that aggressive thyroid cancer phenotypes of increased tumor size, extrathyroidal invasion, and advanced disease stage, are closely associated with increased BMI in patients (Kim et al. 2013a) . Thus, the present molecular studies have further strengthened the causal relationship between obesity and thyroid cancer.
Because very little is known about whether the serum leptin could signal via the leptin receptor to activate STAT3 downstream signaling in the thyroid, we have carried out functional validation analysis by injecting recombinant leptin intraperitoneally to assess the activation of STAT3 by measuring p-STAT3 protein levels via immunohistochemical determination. Indeed, we detected increased p-STAT3 protein levels above the basal level in a time-dependent manner, indicating the leptin can exert its action in the thyroid (Kim et al. 2013b) . In the present studies, we further detected higher leptin receptor protein levels in HFD-Thrb PV/PV Pten C/K mice than in HFD-WT mice. Interestingly, the elevated leptin receptor was not affected by treatment of HFDThrb PV/PV Pten C/K mice with the inhibitor (Fig. 4A) , suggesting that the elevated serum leptin levels is most likely the initial driver in the activation of leptin-leptin receptor-JAK2-STAT3 signaling, rather than also via the concurrent increases in the expression of the leptin receptor. Indeed, we found that S3I-201 significantly decreased the serum leptin levels of S3I-201 treated HFDThrb PV/PV Pten C/K mice (Fig. 3A) . STAT3 is known to express in human adipocytes (Harp et al. 2001) , mouse adipocytes (Deng et al. 2006) , and mouse 3T3-L1 cells (Stephens et al. 1996 , Wang et al. 2010 to regulate adipogenesis. Activation of STAT3 activity leads to the induction of adipogenesis (Stephens et al. 1996 , Harp et al. 2001 , Wang et al. 2010 ) and inhibition of STAT3 activity by inhibitors or siRNA resulted in suppression of adipocyte differentiation (Deng et al. 2006 , Wang et al. 2010 . In line with these findings, we found that S3I-201 treated HFDThrb PV/PV Pten C/K mice markedly decreased adipocyte cell size (Fig. 3B-I and -II), an indication of suppressed adipogenesis. As a result of decreased adipocytes, serum leptin levels were decreased (Fig. 3A) . Thus, S3I-201 could act not only in the thyroid, but also in the adipocytes. S3I-201 acted directly on the adipocytes to attenuate the activated STAT3 activity in HFD-Thrb PV/PV Pten C/K mice to suppress adipogenesis, resulting in decreased leptin levels. The reduced leptin levels led to inhibit the activation of p-JAK2-STAT3 signaling in the thyroid to inhibit tumorgenesis.
Several recent reports have indicated a positive correlation of elevated serum leptin levels with differentiated thyroid carcinoma (Akinci et al. 2009 , Rehem et al. 2014 , Fan & Li 2015 . Moreover, elevated expression of leptin and/or leptin receptor in papillary thyroid cancer is associated with neoplasm aggressiveness, including tumor size and lymph node metastasis (Cheng et al. 2010) . Recently, Lee et al showed the presence of an expanded intrathyroidal adipose depot and steatosis in thyroid epithelial cells in obese patients (Lee et al. 2015) . While the intrathyroidal leptin levels from the expanded adipose depots are unknown, it is reasonable to assume that the intrathyroidal leptin levels would be elevated owing to the presence of an expanded intrathyroidal adipose depot in obese subjects. Thus, the findings from the present studies of HFD-Thrb PV/PV Pten C/K mice provide new mechanistic insights into the role of serum leptin in the carcinogenesis of the thyroid. Furthermore, together with the recent demonstration of intrathyroidal adipose depots in obese subjects (Lee et al. 2015) , our studies raise the potential detrimental role of the intrathyroidal leptin in promoting thyroid cancer progression in obese patients.
STAT3 was originally identified as an oncogenic protein (Bromberg et al. 1999 , Bowman et al. 2000 functioning to affect the expression of a wide array of genes involved in apoptosis, cell migration, cell cycle regulation, angiogenesis, and modulation of immunosuppressive factors (Kim et al. 2014) . Importantly, the upregulated STAT3 expression is associated with more malignant behavior of tumor cells and worse prognosis in a variety of human malignancies, such as cancer of lung, prostate, head and neck, ovarian, breast, gastric, pancreas, and thyroid (Wei et al. 2003 , Masuda et al. 2007 , Yakata et al. 2007 , Sheen-Chen et al. 2008 , Min & Wei-hong 2009 , Zhang et al. 2011 , Ai et al. 2012 , Liu et al. 2012 , Dong et al. 2014 . The increased expression and activation of STAT3 are detected in the tissue specimens of thyroid cancer, including lymphatic metastasis of papillary thyroid cancer in affected patients (Zhang et al. 2011 , Dong et al. 2014 . In view of the critical role of STAT3 in cancer progression, many STAT3 inhibitors are currently being tested in phase I and phase II clinical trials in patients with solid tumors such as brain tumors and melanomas (Dutzmann et al. 2015) and many types of leukemias and lymphomas (O'Shea et al. 2015) . Currently, only limited clinical trials are assessing the effectiveness of STAT3 inhibitors in the treatment of thyroid cancer (Tsimberidou et al. 2009 . Our preclinical studies suggest STAT3 inhibitors could be beneficial for obese thyroid cancer patients.
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